Introduction
A practical problem that anses m geothermal reservmr exploration and development, as well as in other site characterization studies, is to detect and to characterize a major water-filled fracture zone that occurs close to but was missed by a drill hole. In the geothermal case, it is not uncommon to drill a well on the basis of geological information to intersect a specific fluid-producing fault or fracture zone. If the zone is not encountered the questions to be answered are; (1) is the zone locally sealed? or (2) was the well depth, placement and inclination wrong to intersect the permeable zone?
If there is at least one hole available in the area or-interest borehole electromagnetic techniques can be used for detecting possible major water-filled fractures (or fracture zones) missed by the holes. The implied assumptions are always that the zone is a good reflector of electromagnetic waves, that the zone is embedded in a less conductive but otherwise homogeneous region, and that in situ thermal and chemical conditions are not so severe that they would prevent the use of suitably engineered in-hole sources and/or receivers. To date, most of the electromagnetic studies for fracture detection have considered a downhole VHF radar source using directional source and receiver antennas in the borehole (Chang et al., 1984) . While this technique seems promising, it requires a steerable, directional antenna and a transmitter with sufficient power to offset the high attenuation of the VHF waves in rock, yet the probe must be sufficiently small to operate within the confines of a drillhole.
As part of our on-going study to evaluate numerically the applicability of various ..
electromagnetic techniques for detecting the "missed" fracture zone, we consider in this paper a very simple downhole source consisting of a grounded vertical electric dipole (G.V.E.D.j with observations made at the surface. The fracture zone is approximated by a thin, conductive three-dimensional sheet with variable conductance and dip. The
is an interesting and important source for this application because in the absence of the thin sheet conductor the magnetic field is everywhere zero on and above the surface of a layered half-space. Numerical calculations have been carried out to compute the horizontal and vertical magnetic field components at the surface over a thin sheet concealed beneath an overburden layer. Calculations were made for variable sheet conductance, sheet dip, overburden thickness and frequency of excitation from 10 Hz to 10 kHz. The purpose of the calculations is to determine whether diagnostic information on the location and dip of the sheet can be extracted from the shapes of the anomaly curves.
Formulation of the Problem
The physical model studied Is shown in Figure i . For p 1 = 1 and 3 ohm-m, for example, the current channelled into the sheet is insignificant, and consequently the anomaly decreases rapidly. The induced current within the sheet seems to have contributed most of the anomaly, if any, in this case.
One of the important parameters involving sheet response study is the dip angle (/3). The plots in Figure 5 show the magnetic field anomaly for a dipping sheet with j3 
(A.2)
If we choose
o+awf.
(A.3)
Then, from equations (1) The small bold characters p and z represent unit vectors in p and z directions, respectively. The boundary conditions at layer boundaries are and the "+" and "-" signs denote the different sides of the boundary.
Let the depth to the source be H tx and the thickness of the overburden be D . The G.V.E.D. source is driven by a current I from C 1 to C 2 then through the medium back to C 1 (Fig. A.1 ). The separation between C 1 and C 2 is 81 and thus the electric dipole moment p =I 81.
(1) Homogeneous and unbounded whole space. Using the equations (A.6) and (A. 7), we can compute the electric field in the lower.
' half-space. After computing E P and E zof the two layered earth, the primary tangential fields E 88 ( r 0 ) in a (parallel to the strike) and b (parallel to the dip) directions on the sheet can be easily obtained. The magnetic field (H 11 ) anomaly for varying frequency; f = 10, 100, 1000, 3000, 10000 Hz. The sheet is vertical (/3 = 90 o ), and is buried in a uniform half-space of resistivity p 1 = p 2 = 100 ohm-m. The sheet conductance used is 1.0 S. The magnetic field intensity is expressed in A/m X 10 7 (SI units). 
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